Molecular typing is an important tool for control and prevention of infection. A suitable molecular typing method for epidemiological investigation must be easy to perform, highly reproducible, inexpensive, rapid and easy to interpret. In this study, two molecular typing methods including the conventional PCR-sequencing method and high resolution melting (HRM) analysis were used for staphylococcal protein A (spa) typing of 30 Methicillin-resistant Staphylococcus aureus (MRSA) isolates recovered from clinical samples. Based on PCR-sequencing method results, 16 different spa types were identified among the 30 MRSA isolates. Among the 16 different spa types, 14 spa types separated by HRM method. Two spa types including t4718 and t2894 were not separated from each other. According to our results, spa typing based on HRM analysis method is very rapid, easy to perform and cost-effective, but this method must be standardized for different regions, spa types, and realtime machinery.
Methicillin-resistant Staphylococcus aureus (MRSA) strains are a major cause of severe infection in the community and healthcare settings [1, 2] . Molecular typing is an important tool in surveillance of healthcare-associated infections and the epidemiological outbreak of nosocomial infections [3, 4] . There are several techniques for MRSA typing such as pulsed-field gel electrophoresis (PFGE), multilocus sequence typing (MLST), staphylococcal protein A (spa) typing, and staphylococcal cassette chromosome mec (SCCmec) typing. PFGE is an appropriate typing method for the clonal relationship determination of MRSA strains. The MLST is a good typing method for long-term and global epidemiological investigations [3, 4] . However, these methods are expensive, time-consuming and may be difficult to interpret [3] . spa typing is an accurate DNA sequencing method for S. aureus typing, which is based on short sequence repeats of hypervariable X region in the spa gene [4] . Recently, in several studies, high-resolution DNA melting (HRM) along with Real-time PCR platform have been used for spa typing instead of DNA sequencing of short sequence repeats of hypervariable X region of the spa gene [5] [6] [7] [8] . In all studies, it has been reported that HRM is a useful method for determining spa types in S. aureus. In the HRM technique, DNA sequences were discriminated based on GC content, length, and their compositions, therefore this method is specific and sensitive enough to distinguish DNA sequence based on small sequence differences, so we will be able to determine genotype, methylation analysis, and mutation screening in DNA sequence by this method [7] . Herein, we determine and discriminate spa types of 30 MRSA isolates through sequencing and HRM techniques.
In this study, 30 MRSA isolates were recovered from different hospitals and laboratories in Kerman and Tehran, Iran. All isolates were identified as S. aureus and methicillinresistant isolates as described previously [9, 10] . The genomic DNA was extracted using Exgene Clinic SV (GeneALL, Seoul, Korea) according to manufacturer's guidelines with some modifications in the first step. This procedure was performed by additional boiling step in the first step instead of the special enzymatic lyse by lysostaphin enzyme. DNA concentration was quantified by NanoDrop ND-2000c Spectrophotometer (NanoDrop Technology Inc., Wilmington, DE, USA). The hypervariable X region of the spa gene was amplified, sequenced, and assigned according to http://www.ridom.de/spaserver/ by spa-1113f (5¢-TAA AGA CGA TCC TTC GGT GAG C-3¢) and spa-IP: 54.70.40.11
On: Sat, 29 Dec 2018 15:48:59 1514r (5¢-CAG CAG TAGTGC CGT TTG CTT-3¢) primers. HRM analysis was performed by the StepOnePlus Real-Time PCR System (Thermo Fisher Scientific Co, USA) by the same extracted DNA and primers which were used in PCR-sequencing of hypervariable X region of the spa gene. HRM was performed in 20 µl reaction containing 4 µl of 5Â HOT FIREPol EvaGreen HRM Mix (ROX) (Solis BioDyne Co, Estonia), 1 µl of each primer (10pM), 1 µl of DNA template (20 ng) and 13 µl of water (DNase and RNase free water, SinaClon BioScience Co, Iran). The real-time PCR condition was: 95 C for 10 min, 45 cycles at 95 C for 30 s, 63 C for 30 s and 72 C for 30 s. Then, 95 C for 1 min and 40 C for 1 min, followed by HRM ramping from 70-95 C with fluorescence data acquisition at 0.3 C increments. The DNA from isolates of spa types t030, t459 and t16100 (new spa type) were used as melting standard curve in HRM experiment. The melting curves of all samples were analyzed by High Resolution Melt Software v3.0 (Thermo Fisher Scientific Co, USA). In order to examine the reproducibility, DNA from each isolate was tested in triplicate and repeated on several different days by keeping the same condition.
Sequence analysis showed 16 different spa types among the 30 clinical isolates of S. aureus, including 14 known spa types (t012, t018, t030, t037, t044, t081, t084, t267, t297, t459, t632, t853, t2894, t4718) and 2 new types (t16100 and t16099) as defined by the Ridom Spa Server. New spa types were submitted in Ridom Spa Server. spa types t030 and t459 were the predominant spa types. HRM analysis showed 14 genotypes among MRSA isolates. Since four spa types including t018, t081, t16099 and t16100 were not distinguished by the optimized HRM method used in this study, they were differentiated by Mayerhofer et al. HRM protocol [11] . However, HRM methods could not distinguish spa types t4718 and t2894. The melting temperature ( C) and GC content of 16 different spa types in HRM method are shown in Table 1 .
Molecular typing methods are important epidemiological tools for control and prevention of infections [3, 4] . S. aureus isolates especially MRSA are important gram positive pathogens in the community and healthcare settings [1] [2] [3] [4] . Monitoring and limiting the spread of MRSA strains in a hospital setting requires the use of accurate and rapid typing methods. Outbreaks of multi-drug resistant bacteria such as MRSA increase the need for control systems because typing methods are necessary for detecting infection source, effective surveillance system, and infection control strategies [12] . A suitable molecular typing method for epidemiological investigations must be easy to perform, highly reproducible, inexpensive, rapid, and easy to interpret [3, 4] . S. aureus spa typing is cost effective, easy to perform, rapid, reproducible and easy to interpret, so the spa typing method can be a useful tool for epidemiological typing of MRSA in both local and global investigation [4] . Anyhow spa typing by the conventional PCR-sequencing typing is time-consuming because this method requires the usage of a number of machines and reagents [5, 6] . Since HRM analysis is a simpler, less expensive, and faster technique than other conventional DNA-based assays and enables analysis of PCR amplicons in a closed-tube system, this method is a valuable candidate for carrying out spa typing [6] . In our study, among 30 MRSA isolates, 16 different spa types were identified by the conventional PCR-sequencing of spa gene, whereas the results of HRM showed 14 different spa types. Two spa types including t4718 and t2894 were not discriminated from each other in current study and according to Mayerhofer et al. HRM protocol. These isolates have no significant difference in Tm and the shape of melting curve analysis. This lack of distinction could be due to having the same GC content and amplicon size in the spa types of However, by the HRM method we can only determine different spa sequence alleles so this method can determine the different alleles of spa gene. In our study, 12 different spa types including spa types t030 and t297 with the size of 144 bp, spa types t012, t267 and t853 with the size of 240 bp, spa types t037 and t044 with 168 bp, spa types t16100, t018 and t084 with the size of 264 bp and spa types t459 and t632 with 120 bp had different Tm values. These findings indicate that HRM method has an appropriate resolving power to discriminate spa types with the same amplicon sizes from each other or clustering of spa type alleles in a short time. In another study conducted by Chen et al., all spa types had different plots and Tm [5] . The Tm value for spa type t037 was 80.6, 80.9, 83.6 and 85 C in this and other studies, respectively [5] [6] [7] . Since the HRM method may be affected by testing conditions such as real-time machine type, HRM Software, DNA quality, DNA and primer concentrations, and HRM master mix, different results might be expected [5] [6] [7] [8] [6, 7] . In this study, we used StepOnePlus Real-Time PCR System (Thermo Fisher Scientific Co, USA) and 5x HOT FIREPol EvaGreen HRM Mix (ROX) (Solis Bio-Dyne Co, Estonia) for HRM experiment. Furthermore, the usage of known positive controls could easily reduce the probability of any error in the process of identification [5] [6] [7] [8] . Finally, installation and standardization of HRM method in clinical laboratories could be suitable for predominant spa types such as t030 and t459 in our region but may not be appropriate for new spa types such as t16099 and t16100 or non-predominant spa types. This technique has the ability to differentiate among spa alleles and integrates this method with other genotyping methods to increase the resolving power in molecular typing and reduce the expenses. While this method cannot be used to determine spa types, it can detect the spa gene variants. One of the most important advantages of HRM is minimizing the risk of sample contamination, thanks to the fact that the reaction is carried out in a closed system. This valuable advantage would make HRM a useful method for improvement of the investigation in S. aureus infections. However, the HRM method may be affected by testing conditions such as realtime machine type, HRM software, DNA and primer concentrations, DNA quality, temperature conditions in PCR reaction and appearance of new spa types in S. aureus.
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